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(54) Method of manufacturing a composite substrate and a piezoelectric device using the 
substrate 



(57) A method of manufacturing a composite sub- 
strate and the composite substrate manufactured 
thereby wherein surfaces of first and second substrates 
having different thermal expansion coefficients are mir- 
ror finished and layered on each other. A first heat treat- 



ment is applied after which a part of the second 
substrate is removed to a depth sufficient to expose the 
first substrate. A final second heat treatment directly 
bonds the substrates. 
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Description 

BACKGROUND OF THE INVENTION 



The present invention relates to a method of manu- 
facturing a piezoelectric composite substrate structure 
More particularly, the invention relates to joining, by 
wafer bonding, a piezoelectric material and another 
substrate. The present invention is further directed to a 
structure comprising a piezoelectric composite sub- 
strate. 

Piezoelectric materials have been widely used as 
component materials for electronic devices used in 
communication equipment, data processing equipment 
or other similar equipment. Various piezoelectric materi- 
als have also been used as component materials for 
communication devices. In particular, single crystal pie- 
zoelectric materials such as quartz, lithium niobate, lith- 
ium tantalate. or similar materials have been widely 
used for bulk wave devices such as piezoelectric trans- 
ducers and elastic surface wave devices. In manufactur- 
ing these devices, wafer bonding technology and/or 
anodic bonding technology are employed to yield the 
desired compact size and yield. 

With respect to wafer bonding technology, two sub- 
strates, either of the same or different material are 
bonded without an intermediate adhesive layer such 
that adhesion by covalent bonding or ionic bonding 
between the atoms on the substrate surfaces occurs. 
Wafer bonding is accomplished by joining two mirror fin- 
ished substrates and applying beat. Anodic bonding is 
performed by joining two mirror finished substrates and 
heat treating them while, at the same time, applying a 
voltage to the interface between the two substrates 
Bonding strength depends on the heat treatment tem- 
perature. Generally, the higher the heat treatment tem- 
perature, the stronger the bonding strength. However 
when the treatment temperature becomes too high' 
adverse effects may occur. For example, if two sub- 
strates undergoing wafer bonding or anodic bonding 
have different thermal expansion rates, the substrates 
may break or delaminate due to the different thermal 
expansion coefficients. 

Similar problems may occur with piezoelectric com- 
posite substrates or piezoelectric devices during manu- 
facturing. For example, the average expansion 
coefficient of silicon from 25 to 300°C is 3.4 x 10* 6 /°C 
while that of quartz is 15.2 x 1<r 6 /°C, lithium niobate is 
18.3 x 10" /°C, and lithium tantalate is 19.9 x lO'Vc In 
these piezoelectric materials, the average expansion 
coefficients are in the x-axis direction of the crystals. 
Thus, the thermal expansion coefficient of quartz in the 
x direction is five times that of silicon, and this difference 
in thermal expansion coefficients may cause damage to 
the substrate combination. 

Japanese laid-open patent Heisei-5-327383 dis- 
cusses the relationship between the thickness of a 
quartz substrate and temperature where the substrate 
is damaged when a quartz substrate and a semicon- 
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ductor substrate are bonded by wafer bonding. That is 
it is reported that the thinner the quartz substrate, the 
higher the damage temperature, because the stress 
generated at the bonding portion is reduced. For exam- 
5 pie, for a large silicon substrate, the damage tempera- 
ture at which the substrate is damaged is 350°C when 
the thickness of the quartz substrate is 80 ^m, while the 
damage temperature at which the substrate is damaged 
is 450°C when the thickness of the quartz substrate is 
w 40 M m. The temperature at which damage occurs varies 
according to the size and configuration of the substrate 
Accordingly, the heat treatment temperatures when 
wafer bonding have to be lower than the temperature at 
which damage may occur. 
'5 Furthermore, single heat treatments may have 
adverse effects. That is, in wafer bonding, water struc- 
turing molecules exist at the bonding interface after ini- 
tial joining. Thus, there are water structuring molecules 
at the bonding interface during the adhering step. While, 
30 most of the water structuring molecules are removed as 
the heat treatment temperature rises, some are trapped 
by surrounding adhesion. As a result, voids are created 
without adhesion. Thus, there exist at the bonding inter- 
face strongly bonded portions and void portions result- 
25 mg in uneven distribution of thermal stresses. This 
condition may damage the substrates and cause dela- 
mmation of the joined substrates. 

In the case of ionic bonding, voids may be gener- 
ated due to gas existing at the bonding interface either 
30 from the initial joining or from gas being generated dur- 
ing the heat treatment, thus resulting in the same prob- 
lems as discussed above. Moreover, while gas can be 
generated during the bonding processes of the sub- 
strates, further heat treatments after the bonding proe- 
ms ess may also generate additional gas. For example 
thermal stress from heating from solder reflowing may 
generate voids, may damage the substrates, and may 
cause deiamination of the substrates. 

To solve these problems according to conventional 
<o methods, wafer bonding is accomplished by employing 
two heat treatments and using thin substrates. That is 
substrates are bonded temporarily at a relatively low 
first temperature, thinned by a mechanical method or 
chemical etching, and then bonded strongly at a rela- 
45 tively high second temperature to complete direct bond- 
ing. See, for example, Japanese laid-open patents H5- 
327383. H4-286310, H-3-97215. More particularly, sub- 
strates are bonded temporarily by heat treating at the 
first temperature at which damage of the substrates 
so does not occur, then thinned by grinding, and finally 
bonded strongly at a temperature sufficiently high to 
obtain the desired bonding strength. 

However, even these methods cannot prevent the 
problems of the aforementioned voids and delamina- 
55 t.on. Moreover, yield tends to become lower in actual 
manufacturing processes. Since removing water from a 
central portion of the substrate is difficult compared to 
the periphery of the substrate, it is difficult to prevent 
damage caused by the stress generated at the central 
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portion of the substrate. Central water deposits become 
an ever bigger problem when substrate size in enlarged 
in order to reduce manufacturing costs. 

Even if the damage or . domination of substrates 
can be avoided, the stress to the substrates may affect 
the performance characteristics of elements formed on 
the composite substrate due to insufficient bonding. 
More specifically, such imperfections affect the temper- 
ature-to-frequency characteristics of a piezoelectric 
device such as a piezoelectric vibrator or a piezoelectric 
finer. That is. thermal stress experienced by substrates 
is increased by temperature changes. 

Stress caused by different thermal expansion coef- 
ficients may also change the crystal structure. When 
molecule structures are the same but various crystal 
sti names exist, the crystal structures may be changed 
b> pressure or temperature. For example, when quartz 
,s h«aied up to more than 573°C under no pressure, the 
quart: changes from a-quartz to p^uartz. Other phase 
transitions besrfes a-p phase transitions can also be 
«H»n Dau»™ twin type phase transitions which occur 
wn«r «re« * applied to quartz is one example. More- 
over a Dacfne twin type phase transition which occurs 
at h*jh temperature is a nonreversible reaction as 
replied n a«^i Symposium Frequency Control . Vol. 
3i page 171 (1977). When an element is formed on a 
substrate on which these phase transitions have 
occurred undesirable characteristics result. More spe- 
crhcaliy m the case of a phase transition in AT cut 
quartz dependency of frequency character.stics on 
temperature increases, thus stable operation of piezoe- 
lectric devices such as quartz vibrators and quartz fil- 
ters cannot be realized. 

SUMMARY OF THE INVENTION 



When substrates having different thermal expan- 
sion coetf laents are bonded by wafer bonding or anodic 
bonding, the substrates may experience damage or 
delam.nation when heated due to the different thermal 
expansion rates. Moreover, the crystal structure of the 
substrates may be changed by thermal stress. Further- 
more, a piezoelectric composite substrate may be dis- 
torted by subsequent stress. 

Accordingly, it is an object of the present invention 
to solve the above problems. In particular, the invention 
overcomes the problems of substrate damage and dela- 
mination, crystal structure change, performance char- 
acteristic degradation caused by subsequent stresses 
or surrounding temperature changes for piezoelectric 
composite substrates and piezoelectric devices com- 
posed of substrates having respective different thermal 

expansion rates. 

To achieve the aforementioned obiects. a method of 
manufacturing a composite substrate of the invention 
comprises the steps of mirror finishing at least one of 
the surfaces of a first substrate, mirror finishing at least 
one of the surfaces of a second substrate having a ther- 
mal expansion coefficient different from that of the first 



substrate, making the principal surface of the first sub- 
strate and the principal surface of the second substrate 
hydrophilic. abutting the principal surface of the first 
substrate and the principal surface of the second sub- 
s strate on each other, applying a first heat treatment to 
the abutted substrates at a temperature lower than the 
temperature where bonding of the first substrate and 
the second substrate starts, in order to remove water 
remaining between the first substrate and the second 
, 0 substrate, dividing the joined substrates into at least two 
pieces while maintaining the joined state, and applying 
a second heat treatment to the at least two pieces at a 
temperature where bonding of the first substrate and 
the second substrate occurs. 
r5 Another method of manufacturing a composite sub- 
strate according to the present invention comprises the 
steps of mirror finishing at least one of the surfaces of a 
first substrate, mirror finishing at least one of the sur- 
faces of a second substrate having a thermal expansion 
■v coefficient different from that of the first substrate, mak- 
ing the principal surface of the first substrate and the 
principal surface of the second substrate hydrophilic. 
abutting the principal surface of the first substrate on the 
principal surface of the second substrate, applying a 
05 first heat treatment to the abutted substrates at a tem- 
perature lower than the temperature where bonding of 
the first substrate and the second substrate starts, m 
order to remove water remaining between the first sub- 
strate and the second substrate, cutting a part of the 
30 second substrate to a depth sufficient to reach the first 
substrate after the first heat treatment step, and apply- 
ing a second heat treatment to the joined substrates at 
a temperature where bonding of the first substrate and 
the second substrate occurs. 
35 According to the present invention, even if sub- 
strates having respective differed thermal expansion 
coefficients are joined by wafer bonding, the stress at 
the bonding portion can be remarkably reduced, and as 
a result the problem of substrate damage and delami- 
40 nation can be prevented, and mass-production of the 
composite substrate can be enhanced. Moreover, since 
the stress in the substrates is effectively reduced, deg- 
radation of performance characteristics of an element 
formed on the substrates due to the stress can be 
as avoided. Furthermore, with respect to a quartz sub- 
strale, phase transition stimulated by stress can be 
avoided. 



BRIEF DESCRIPTION OF THE DRAWINGS 



50 



Figs 1 a-c show a manufacturing method of a piezo- 
electric composite substrate in accordance with a first 
embodiment of the present invention. 

Figs 2a-d show a manufacturing method of a pie- 
55 zoelectric composite substrate in accordance with a 
second embodiment of the present invention. 

Figs 3a-d show a manufacturing method of a pie- 
zoelectric composite substrate in accordance with a 
third embodiment of the present invention. 
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Figs. 4a-d show a manufacturing method of a pie- 
zoelectric composite substrate in accordance with a 
fourth embodiment of the present invention. 

Rgs. 5a-b show structural views of a piezoelectric 
composite substrate of a ninth through a twelfth embod- s 
'ment of the present invention, where Fig. 5a is a per- 
spective view and Fig. 5b is a plan view. 

Figs. 6a-b show structural views of a piezoelectric 
oscllator using the piezoelectric composite substrate in 
accordance with a ninth through a twelfth embodiment w 
of the present invention, where Fig. 6a is a perspective 
view and Fig. 6b is a plan view. 

Figs. 7a-b show structural views of a piezoelectric 
composite substrate in accordance with a tenth embod- 
iment of the present invention, where Fig. 7a is a per ; 5 
spective view and Fig. 7b is a cross-sectional view. 

Figs. 8a-b show structural views of a piezoelectric 
oscllator using the piezoelectric composite substrate in 
accordance with a modification of the tenth embodiment 
of the present invention, where Fig. 3a is a perspective *o 
view and Fig. 8b is a cross-sectional view 



DETAILED DESCRIPTION OF THE INVENTION 
Embodiment 1 

25 

A first embodiment of the manufacturing method of 
the present invention will be illustrated with reference to 
F'g- I- Fig. 1(a) is a sectional view of a substrate 1 and 
a substrate 2. In this first embodiment substrate 1 is 30 
quartz and substrate 2 is silicon. Silicon substrate 2 is 
far example. 12 x 12 mm in size and 450 thick, and 
quartz substrate 1 is, for example, 12 x 12 mm in size 
and 80 urn thick. 
■ First, surfaces of quartz substrate 1 and silicon sub- 35 
strate 2 are mirror ground, and their respective surface 
layers are removed by a hydrofluoric add system Next 
quartz substrate 1 and silicon substrate 2 are dipped in 
a mixed solution of ammonia, hydrogen peroxide and 
deiomzed water to make the principal surfaces thereof 40 
hydrophilic. Thereafter, substrates 1, 2 are thoroughly 
washed by deionized water. As a result of the 
hydrophilic treatment, the surfaces of the substrates are 
terminated with hydroxyl groups. Next, the mirror 
ground surfaces of the two substrates 1. 2 are abutted « 
and the two are adhered to each other by Van der Waals 
force. 

Next, a first heat treatment is applied at 150°C for 5 
hours to remove excess water remaining on or within 
the adhered substrates 1 . 2. Tne first heat treatment is so 
generally applied at a temperature in a range between 
100 - 300°C, and is applied for several minutes up to 
tens of hours. Preferably the temperature range is 
between 100 - 200°C and is applied for at least one 
hour. Under these conditions bonding of the substrates 55 
1, 2 does not occur. While heating is necessary to 
remove excess water, ionic bonding or covalent bonding 
should be avoided, since stress would otherwise be 
experienced at the bonding interface 21 and this may 



cause damage to the substrates 1. 2. In other words 
the first heat treatment temperature should be applied 
at a temperature at which the adhesive force by Van der 
waals force is maintained, ionic bonding or covalent 
bondrng does not occur, but water can nevertheless be 
removed. More specifically, the two substrates 1 2 after 
the f.rst heat treatment, should be separable from each 
other by mechanical means. 

Next, a second heat treatment is applied at a tem- 
perature of 300°C for 3 hours. This second heat treat- 
ment removes water at the bonding interface 21 and 
bonds the substrates 1, 2 along a bonding interface 22 
by ionic bonds or covalent bonds, in the case of a quartz 
substrate 1 and a silicon substrate 2. the second heat 
treatment is performed at a temperature higher than the 
first heat treatment temperature and lower than the 
phase transrtion temperature of quartz, namely 573°C 
Th,s treatment should last for several minutes to tens of 
^ ^ preferab| y at a temperature between 200- 

Fig. 1(b) shows a piezoelectric composite substrate 
after the first heat treatment. The two substrates 1 2 are 
adhered at bonding interface 21 mainly by hydroxyl 
groups, or water structuring molecules. Here the water 
structuring molecules are molecules based on water 
molecules on which various atoms or molecules exist- 
ing at the interface are added. 

These bonds are relatively weak bonds, and water 
and gases at the bonding interface of the two substrates 
1 . 2 can be easily removed. Accordingly, few voids form 
at the bonding interface 21 of the substrates 1 2 Fig 1 
(c) shows a piezoelectric composite substrate after the 
second heat treatment. Here, the two substrates 1 2 
are strongly bonded at an atomic level at bonding inter- 
lace 22 mainly by covalent bonds (siloxane bonds) j 

The manufacturing method illustrated above can 
suppress generation of voids, reduce stress, and realize 
wafer bonding using only heat treatments. That is the 
step of thinning a substrate is avoided, thus, resulting in 
improved manufacturing yield of piezoelectric compos- 
ite substrates. 

By dividing the first heat treatment into a low tem- 
perature step and a high temperature step, removal of 
water and gas from the bonding interface 21 improves 
turther. That is, water removal is more easily achieved 
not by rapid heating, but by step or slow heating For 
example, a low temperature step of the first heat treat- 
ment is generally 100-200°C for several minutes to tens 
of hours, and preferably 100-180'C for one hour to tens 
of hours. The high temperature step is generally higher 
tnan the low temperature step and under 300°C for sev- 
eral minutes to tens of hours, and preferably higher than 
he low temperature step and under 200°C for one hour 
to tens of hours. 

In the above embodiment, single crystal piezoelec- 
tric materials such as lithium tantalate or lithium niobate 
or other m.rror grindable piezoelectric materials can be 
used as the piezoelectric substrate 1. Semiconductor 
substrates such as gallium arsenide, indium phosphate 
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glass, or other piezoelectric substrates having different 
thermal expansion coefficients from that of piezoelectric 
substrate 1 can be used as the substrate 2 to be bonded 
with the piezoelectric substrate 1. 

When water bonding the same kind of piezoelectric 
substrates with each other, substrates having crystal 
anisotropy may be bonded with their crystal directions 
out of alignment, and the stress problems as with differ- 
ent types of substrates may occur. This problem is also 
solved by the present invention. 

Embodiment 2 



A second embodiment of the manufacturing 
method of the present invention will be illustrated refer- 
ring to Fig. 2. As shown in Fig. 2a. the substrate materi- 
als 1, 2 and configurations are the same as in 
embodiment 1 . Furthermore, the processes of embodi- 
ment 1 through the layering process are performed. 
Then, a first heat treatment is applied at a temperature 
of 250°C for 5 hours. In Fig. 2b, the heat treatment tem- 
perature is a little higher than that of embodiment 1 to 
enhance bending strength in order to prevent delamina- 
tion during a subsequent dicing process. During the dic- 
ing step (Figs. 2c), the piezoelectric composite 
substrate 1. 2 is cut into 3 x 3 mm pieces by a dicing 
saw. A second heat treatment is then applied at a tem- 
perature of 350°C for 3 hours to form bonding interface 
22. Fig. 2d shows the piezoelectric composite sub- 
strates after the second heat treatment 

In the present embodiment, since the joined piezo- 
electric composite substrate 1 , 2 is cut into small pieces 
after the first heat treatment to reduce bonding area per 
piece, water structuring molecules and gases remaining 
at the bonding interface 21 are easily removed during 
the second heat treatment. Accordingly, thermal stress 
unevenly generated during the second heat treatment is 
further reduced compared to the manufacturing method 
of the first embodiment. 

The above-described method is very effective when 
substrates 1 , 2 are large because water remaining at a 
central portion of the substrates 1 , 2 can be thoroughly 
removed. 

The manufacturing method illustrated above can 
suppress generaton of voids, reduce stress, and realize 
water bonding using only heat treatments. That is, the 
step of thinning the substrate is avoided, thus, resulting 
in improved manufacturing yield of piezoelectric com- 
posite substrates, especially, when the substrate 1 , 2 
size is large. 

The first heat treatment can be divided into a low 
temperature step and a high temperature step, as in 
embodiment 1 . 

In the above embodiment, single crystal piezoelec- 
tric material such as lithium tantalate or lithium niobate 
or other mirror grindable piezoelectric materials can be 
used as the piezoelectric substrate. Semiconductor 
substrates such as of gallium arsenide, indium phos- 
phate, glass, or other piezoelectric substrates having 



different thermal expansion coefficients from that of the 
piezoelectric substrate 1 can be used as the substrate 2 
to be bonded with the piezoelectric substrate 1 . 

5 Embodiment 3 

A third embodiment of the manufacturing method of 
the present invention will be illustrated referring to Fig. 
3. As shown in Fig. 3a. the substrate materials 1. 2 and 
10 configurations are the same as in embodiment 1 . Simi- 
lar to embodiment 2, the processes through the abutting 
process are performed. Then, a first heat treatment is 
applied at 250°C for 5 hours. Next as shown in Fig. 3c. 
a part of silicon substrate 2 is removed from the surface 
15 opposite of the bonding interface 21 by etching in a 
hydrofluoric acid system. Then a second heat treatment 
is applied at a temperature of 350°C for 3 hours. 

During the first heat treatment of the present 
embodiment, water and gases are easily removed from 
20 the bonding interface 21 , and the piezoelectric compos- 
ite substrate 1 . 2 is temporarily bonded for the etching 
process of silicon substrate 2. Since the bonding area of 
the piezoelectric composite suostrate is reduced, water 
structuring molecules and gas are easily removed from 
25 the bonding interface 21 . 

The manufacturing method illustrated above can 
suppress generation of voids, reduce stress, and realize 
- water bonding, thus resulting in improved manufactur- 
ing yield of piezoelectric composite substrates, espe- 
30 daily, when the joined substrates 1 , 2 are large. 

The first heat treatment can be divided into a low 
temperature step and a high temperature step, as in 
embodiment 1 . 

In the above embodiment, single crystal piezoelec- 
35 trie material such as lithium tantalate or lithium niobate 
or other mirror grindable piezoelectric materials can be 
used as the piezoelectric substrate 1. Semiconductor 
substrates such as gallium arsenide, indium phosphate, 
glass, or other piezoelectric substrates having different 
40 thermal expansion coefficients from that of the piezoe- 
lectric substrate 1 can be used as the substrate 2 to be 
bonded with the piezoelectric substrate 1 . 



Embodiment 4 



45 



A fourth embodiment of the manufacturing method 
of the present invention will next be explained with refer- 
ence again to Fig. 1 . In the present embodiment, sub- 
strate 2 is glass and is used instead of silicon. To 
so simplify the explanation, an example inning a glass sub- 
strate in only the case of embodiment 1 is illustrated 
here. However, when a glass substrate 2 is used in the 
case of embodiments 2 or 3, the same effect as shown 
in embodiments 2 and 3. namely reducing stress at the 
55 central portion of the substrate, can be obtained. 

In the present embodiment, the following advan- 
tage can be obtained by using a glass substrate 2. A 
thermal expansion coefficient of a glass substrate can 
be changed by adding an alkali component such as 
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sodium hydroxide. By bringing the thermal expansion 
coefficient of the glass close to that of quartz, the sec- 
ond heat treatment temperature can be increased and 
the piezoelectric composite substrate 1, 2 can be 
strongly bonded and manufactured with a high yield. 
Also, glass material is inexpensive. Therefore, the man- 
ufacturing cost of piezoelectric composite substrates 
can be reduced. 

In the present embodiment, quartz substrate 1 is 12 
x 12 mm in size, and 80 ym thick. The glass substrate 2 
is 12 x 12 mm in size, and 400 urn thick. The thermal 
expansion coefficient of the glass substrate 2 is 1 4 x 1 0" 

The manufacturing method of the fourth embodi- 
ment is as ioiiows. First the surfaces of the glass sub- 
strate 2 and the quartz substrate 1 are mirror ground 
and tr>e<r respective surface layers are removed by a 
hydrofluoric aod system etching solution. Next, the 
glass substrate 2 and the quartz substrate 1 are dipped 
into a m*ed solution of ammonia, hydrogen peroxide, 
and doomed water to make the principal surfaces 
thereof r^yorophiK. Thereafter, substrates 1, 2 are 
wasr>ed by deiomzed water. As a result ' of the 
hydropic treatment, the surfaces of the substrates 1 , 2 
are term^ted wrth hydroxyl groups. Next, mirror 
ground surfaces of the two substrates are abutted, and 
the two are adhered to each other by Van der Waals 
force. 

Next, a test heat treatment is applied under the 
same condrtions as embodiment 1 . 

Next, a second heat treatment is applied at a tem- 
perature of 300"C for 3 hours. This second heat treat- 
ment removes water at the bonding interface 21 and 
bonds the substrates 1, 2 along a bonding interface 22 
by ionic bonds or covalent bonds. The second heat 
treatment is applied at a higher temperature than that of 
the first heat treatment. 

The piezoelectric composite substrate 1 , 2 after the 
first heat treatment, is joined at the bonding interface 21 
mainly by hydroxyl groups or water structuring mole- 
cules as discussed earlier. These bonds are relatively 
weak and therefore, water and gases at the bonding 
interface 21 of substrates 1, 2 can be more easily 
removed. Accordingly, few voids form at the bonding 
interface 22 of the substrates 1, 2 after the second heat 
treatment. As a result, the two substrates 1, 2 are 
strongly bonded at an atomic level at bonding interface 
22 mainly by covalent bonds (siloxane bonds). 

The first heat treatment can be divided into a low 
temperature step and high a temperature step, as in 
embodiment 1 . 

In the above embodiment, single crystal piezoelec- 
tric material such as lithium tantalate or lithium niobate 
or other mirror grindable piezoelectric materials can be 
used as the piezoelectric substrate 1. 



Embodiments 



A fifth embodiment of the manufacturing method of 
the present invention will be explained again with refer- 
5 ence to Fig. 1 . Substrates used hare are a lithium nio- 
bate substrate 1 and a silicon substrate 2. To simplify 
the explanation, an example using a lithium niobate 
substrate in only the case of embodiment 1 is illustrated 
here. However, when a lithium niobate substrate 1 is 
10 used in the case of embodiment 2 or 3, the same effect 
as shown in embodiments 2 or 3, namely reducing 
stress at the central portion of the substrate, can be 
obtained. 

In the present embodiment, the silicon substrate 2 
is is. for example, 12 x 12 mm in size and 450 ^m thick, 
and lithium niobate substrate 1 is, for example, 12x12 
mm in size and 80 thick. 

Similar to embodiment 1 , the processes through the 
abutting process of the two substrates 1, 2 are per- 
20 formed. Then, a first heat treatment is applied at a tem- 
perature of 250°C for 5 hours. The first heat treatment is 
generally applied at a temperature of 100-300°C for 
several minutes to tens of hours, and preferably at 100- 
200°C for at least one hour. Under these conditions 
25 bonding of the substrates 1 , 2 does not occur. 

A second heat treatment is applied at a tempera- 
ture of 350°C for 3 hours. In the case of the lithium nio- 
bate substrate 1 and silicon substrate 2, the second 
heat treatment is generally applied at 200-1 000°C for 
30 several minutes to tens of hours, and preferably at a 
temperature of 250-400°C. The latter temperature 
range is desirable because, bonding of silicon and lith- 
ium niobate starts at 250°C, and the substrates 1 , 2 may 
be damaged at temperature higher than 400°C. 
™ Piezoelectric material is very easily broken depend- 
1 ing on its component materials and cut angle, so it may 
be damaged by uneven thermal stress even during the 
weak bonding stage. However, in the case of quartz, the 
phase transition temperature is considerably higher 
to than its damage temperature, and therefore, it is not 
necessary to determine a maximum temperature of the 
second heat treatment with regard to the phase transi- 
tion temperature. 

Since the first heat treatment temperature is low, 
45 the two substrates 1 , 2 are bonded weakly. Water and 
other gases are easily removed from the bonding inter- 
face 21. Thus, few voids form at the bonding interface 
21 of the substrates 1, 2 and there is little variation of 
bonding speed at the surface. As a result, the sub- 
so strates 1 , 2 are not damaged from stress concentration. 
After the second thermal heat treatment, the piezoelec- 
tric composite substrate is strongly bonded at the 
atomic level at the bonding interface 22. 

The first heat treatment can be divided into a low 
55 temperature step and a high temperature step, as in 
embodiment 1. 
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A sixth embodiment of the manufacturing method of 
.h. r»e^1 invention »ill be illustrated agar, «,1h rata- 

the same mw embodiment is applied to 

However, when the present en 
Tho methods of embodiments 2 or 3, the same effect as 

,ne silicon substrate 2 is. tor example. 10 x 10 mm 
Si! %^tC-ub S ,,a,e,andsi,ioons ur ,e 2 

their respective surface layers. Next, the i quartz sud 
stSe 1 and the silicon substrate 2 are d.pped into a 

hydrophilic. Thereafter the substrates 1. 2 are washed 

^ nIxTSS treatment is applied at a tempera- 
. T ii»C for 5 hours to remove excess water 
ture of 150 C. tor a ™ 2 . The first heat 

between 100-200 C tor o^e ^ 

p.rature of 250 C J tor 3» u Bmp ., aM , „ 

EES tr«™u,d be under the «•„ phase 

T'Sr^ Stexpehenced * the 

^ S r^oSngly. the temperature is reduced 
substrates 1.2. ™»J? * , embo< liment 1 in order 

Tn this embodiment after the first heat treatment the 
*o suSatTs 1. 2 are adhered to one another ma-niy 



by hydrogen bonds, and crystal structure change . due 
To phJseLsition of the quartz substrate 1 , « not expe- 

"""'water molecules and gas are easily removed from 
, the biding interface 21 during the first heat tenant 
5 ^ ^structuring molecules and gas - W « ^ 

7 . rt tha interface 21 Thus, uneven thermal stress 

f'ere is ne«her «"""«"■" ™" 
aretes in the bonding interface 2, are generated 

i:=r,re-=— : 

transition of fn. P»zoe,.c»ic c^»e 
Rented and a piezoelectric compos* substrate ot 

■ temple step and a high temperature step, as m 

>. ? ToTother piezoelectric material havrngadrf- 

reiet u^,-»o 1 ran be used as substrate a to 

35 piezoelectric substrate 1 can De 

te bonded with the piezoelectr>c substrate 1. 



Pmhnriiment 7 

A seventh embodiment of the manufacturing 

ST Tubstrate 1 is quartz and a substrate 2 .s glass. 

T J ^ ? or 3 with the present embodiment, the 
embedments 2 or 3w,th ^ ^ namely 

Xi^eS atTcentra, portion of the substrates 1 , 

r w substrate 2 The thermal expans.cn coefh- 

ma 2 ThuTa thermal expansion coefficient dose to 
71 o Toiezoelectric material to which the glass w.ll be 

S^cSa,e,aduced.^^, tt s*s,ra,e 
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'reatment i S applied al , tempered ^.J? 

**°*n« „ so-c ^ ^ *»P«M 

573 C. and preferably 250-573°C 

When using a glass substrate 2 which has 

resu t nn £ ^ °' """"i" 9 ,he Subs ™° * avoided 

r!l com POsite substrates" can be prevented 
and p.ezoelectnc composite substrates with parfcS 

Erribcrijn^grit ft 

t, .rin^ 9 ' 4 ! hOWS an ei9h,h embodiment of the manufac 

Part ot the silicon alaSTi" 
removed b, a „ etching soUon 0 , hydrt4|u0fic ™ ^ 



tar Incitoaity. in actual piezoelectric devices a Dart 
of he substrate whsre a transducer * ™. f 
device is termed must be renS " " ,KM,e "* 

New, a second heat treatment is applied at * i=™ 

2 and a silicon substrate Ut^SS^ 
treatment, but under 573°r Z j an that ° f ,he f heat 
severa. minutest 2 ^ 'ft^* 8 *° m 
ature range is 200-500'C. X 6 ,emper " 

'n the first heat treatment of the ores™* 

strate 2 and quartz substrate 1 The nnrtinn <; • c . 

J-lormed. »hi,e . P Jo"^^^ 
the area where silicon substrate 2 wa* JrT 
Phase transformed. That 7 bv 7« f ' S n0t 

treatment can be applied wi^egaS ,o Zn, 3 ' 

*»e suppressing the generate ot ^s^d ,2 ' 
**s and rest* in inprcved ma^u,™ SS"2 
piezoelectric composite substrates Also L ! 
« Mnsilion at a ponion etlecting to cteracSrtsta 

Like all other embodiments, the first heat t« a * * 

em thermal e»pansion coefficients from that l , h .™ 
|0etec,ric substrate , „ ateo be usea a$ «-J£P£ 

SQTbQdirngnjj 

vtawlS ?J' nd * Sh ° W ' res P ectiv ely, a perspective 
vew and a top v.ew of a piezoelectric device 
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piezoelectric composite substrate of the present inven- 
tion. In this embodiment, and those discussed hereinaf- 
ter, a composite substrate used for a piezoelectric 
device will be illustrated. 

In Fig. 5, a piezoelectric substrate 1 1 is, for exam- 5 
pie, an AT cut quarts substrate 4 x 8 mm in size and 50 
fim thick. Semiconductor substrate 12 is, for example, a 
silicon substrate 8x12 mm in size and 450 jim thick. A 
bonding area 13 of the piezoelectric substrate 11 and 
the semiconductor substrate 12 is 4 x 1 mm in size. An 10 
integrated circuit for signal processing may be formed 
on the silicon substrate 1 2. Since wafer bonding can be 
achieved at a low temperature, the heat treatment does 
not affect the performance characteristics of the inte- 
grated circuit. In the present embodiment, bonding area is 
13 has a rectangular shape with its shorter side aligned 
with the x axis direction of the AT cut quartz substrate 
and its longer side aligned with a z' axis, which slants 
35° 22' from the z axis of the quartz substrate. 

With reference to Fig. 6, excitation electrodes 14a. 20 
14b are provided on upper and lower surfaces of piezo- 
electric substrate 1 1 to form a piezoelectric oscillator. 

A manufacturing method of a quartz crystal oscilla- 
tor, one application of the piezoelectric composite sub- 
strate of the present embodiment, will next be 25 
discussed. 

Surfaces of an AT cut quartz substrate 11 and sili- 
con substrate 12 are mirror ground and washed. Also 
during this step, the AT cut quartz substrate 11 is 
thinned to a predetermined thickness, for example 50 30 
urn. 

Silicon substrate 12 is bore-etched by a hydrofluo- 
ric acid system etching solution to form the configura- 
tion corresponding to semiconductor substrate 12 in 
Fig. 6. 35 

Excitation electrodes corresponding to 14a. 14b, in 
Fig. 6 are formed on the upper and lower surfaces of the 
AT cut quartz substrate 1 1 by means of photolithogra- 
phy, vacuum evaporation, or equivalent method. Rear 
side electrode 14b extends to the upper side of the AT 40 
cut quartz substrate 11 by being routed around the 
edge of the AT cut quartz substrate 1 1 . 

The substrates 11. 12 are dipped in a mixed solu- 
tion of ammonia, hydrogen peroxide, and deionized 
water to make the principal surfaces thereof hydrophilic. 45 
and are thereafter washed with deionized water. As a 
result of the above treatments, water structuring mole- 
cules stick to each substrate surface. 

The mirror ground surfaces of the two substrates 
are abutted and are adhered by Van der Waals force so 
created by the water structuring molecules. 

The substrates 1 1 , 12 are temporarily bonded by a 
first heat treatment at a temperature of 150°C for 5 
hours, and then further beat treated at 350°C for 2 
hours. In the case of an AT cut quartz substrate 1 1 and 55 
silicon substrate 12, a second heat treatment is gener- 
ally applied at a temperature of 100-573°C for several 
minutes to tens of hours. Preferably, the temperature is 
in the range of 250-500°C. 



One of the features of the piezoelectric oscillator of 
the present invention is that the rectangular configura- 
tion of the bonding area 13 associated with the piezoe- 
lectric substrate 1 1 is such that the thermal expansion 
coefficient in the direction of the longer side of the rec- 
tangle is close to that of the semiconductor substrate 
12. The thermal expansion coefficients of the AT cut 
quartz substrate 11 are 15.2 x 10* 6 /°C in the x axis 
direction and 11 x 10' 6 /°C in the z' direction described 
above. Thus, the longer side of the rectangle is 
arranged to be along the Z' axis direction. 

The following observations were made with regard 
to the quartz oscillator structure described above. The 
variation of the resonance frequency at a temperature 
range between 0 and 60°C was 10 ppm or less. No 
damage to, or delamination of, the substrates 11, 12 
occurred as a result of a heat shock test from room tem- 
perature to 260°C. Phase transition of the quartz sub- 
strate was observed at the bonding area 13 between 
the quartz substrate 11 and the silicon substrate 12, 
while, it was not observed at other areas of the quartz 
substrate 11. Presence of the phase transition can be 
confirmed by observing the surface state after etching 
by a hydrofluoric acid system solution. It can also be 
confirmed by measuring the face spacing of the crystal 
lattice by using X ray diffraction. In the structure above, 
quartz substrate 1 1 is hardly affected by the thermal 
stress caused by the different thermal expansion coeffi- 
cients of the substrates. Therefore, piezoelectric oscilla- 
tions are not hampered by the thermal stress. Since 
phase transition does not occur in the quartz substrate 
portion which constitutes a piezoelectric oscillator, the 
same frequency to temperature stability as the AT cut 
quartz itself can be obtained. Also, since the substrates 
11, 12 are securely bonded by wafer bonding, the sub- 
strates 1 1, 12 are not damaged if subjected to a heat jj 
shock such as solder ref lowing. 

The same effect can be observed if the corners of 
the rectangle are curved. Even with other configurations 
of the substrate 11 in the bonding area 13, the same 
effect can be expected by orienting the piezoelectric 
substrate 1 1 in a direction such that the thermal expan- 
sion coefficients of the piezoelectric substrate is closer 
to that of the semiconductor substrate. 

Also by bonding the piezoelectric substrate 1 1 at 
both ends, the strength against shock can be enhanced. 

Again, the first heat treatment can be divided into a 
low temperature step and high temperature step, as in 
the other embodiments. 

Single crystal piezoelectric materials such as lith- 
ium tantalate or lithium niobate or other mirror grindabie 
piezoelectric materials can be used as the piezoelectric 
substrate 1 1 in the present embodiment. Semiconduc- 
tor substrates such as gallium arsenide, indium phos- 
phate, glass, or other piezoelectric substrates having 
different thermal expansion coefficients from that of the 
piezoelectric substrate 1 1 can also be used as the sub- 
strate 12. 
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Figs. 7a and 7b show, respectively, a top structural 
view and a sectional structural view of a tenth embodi- 
ment of the present invention. In Fig. 7. substrate 1 1 is 
a piezoelectric substrate, and in this embodiment is an 
AT cut quartz 4 x 8 mm in size and 50 urn thick. Sub- 
strate 12 is a semiconductor substrate, which in this 
case is a silicon substrate 8 x 12 mm in size and 450 fan 
thick. Here, an integrated circuit for signal processing 
may be formed on the silicon substrate 12. Since wafer 
bonding can be achieved at a low temperature, the heat 
treatment does not affect the performance characteris- 
tics of the integrated circuit. 

The piezoelectric substrate 11 and the semicon- 
ductor substrate 12 are bonded at a bonding area 13 
wh.ch is 4 x 1 mm in size. Bonding area 13 is of a sub- 
stantial rectangular shape with curved corners Its 
shorter side is aligned with the quartz x axis direction 
and its longer side is aligned with a z' axis which slants 
35" 22' from the actual quartz z axis. A constricted part 
1 5 is formed just beyond the bonding area 13 in order to 
reduce stress. 

Also in the present embodiment, excitation elec- 
trodes 14a. 14b. are provided on upper and lower sur- 
faces of quartz substrate 11 to form a piezoelectric 
oscillator as shown in Fig. 8. A quartz oscillator having 
the above described configuration is advantageous in 
that the constricted part 15 effectively reduces damage 
to the quartz caused by thermal stress and the effects to 
the oscillator due to thermal stress or subsequent 
stress. 

Moreover, in the above structure, quartz substrate 
11 is barely affected by thermal stress caused by the 
different thermal expansion coefficients and as a result 
piezoelectric oscillation is not hampered by thermal 
stress. Since phase transition does not occur beyond 
the bonding area 13. the see resonant frequency to 
temperature liability of the AT cut quartz can be 
obtained in the piezoelectric oscillator. Also, since the 
substrates 1 1, 12 are securely bonded by wafer bond- 
ing, the substrates 1 1 . 12 are not damaged if subjected 
to heat shock from solder reflowing, for example. 

In the present embodiment, while AT cut quartz was 
used as a piezoelectric substrate 11, other cut angle 
quartz substrates can be used in accordance with the 
application. For instance, lithium niobate or lithium tan- 
talate can be used. These materials have lower fre- 
quency-to-temperature change stability, but have higher 
electro-mechanical connection coefficients as com- 
pared with quartz. 



tor example. The shorter side of the bonding area 13 
rectangle is aligned with the x axis direction of the x-cut 
lith>um tantalate substrate 11 and its longer side is 
aligned with the z axis direction of substrate 1 1 
* The difference between the present embodiment 
and embodiment 9 is that lithium tantalate is used as the 
piezoelectric substrate 1 1 . Lithium tantalate has a lower 
frequency-to-temperature change stability, but has a 
higher electro-mechanical connection coefficient and 
10 lower Q value compared to quartz. Accordingly, lithium 
tantalate is widely used in voltage controlled oscillators 
requiring high efficiency and a relatively wide frequency 
range. Lithium niobate can be used to obtain similar 
results. 

is With the structure above, the lithium tantalate sub- 
strate 1 1 is minimally affected by thermal stress caused 
by the difference in thermal expansion coefficients com- 
pared with silicon substrate 12. Thus, piezoelectric 
osallations are not hampered by thermal stress. Also 
20 since phase transition does not occur beyond the bond- 
ing area 13 in the piezoelectric oscillator, the same res- 
onant frequency-to-temperature stability of the lithium 
tantalate can be obtained. Moreover, since the sub- 
strates 11, 12 are securely bonded by wafer bonding 
25 the substrates 11,12 are not damaged if subjected to 
heat shock from solder reflowing. for example. 

The same effect as described above can be 
obtained by making the rectangle corners curved Even 
wth other configurations of the supporting portion the 
so same effect can be expected by orienting the piezoelec- 
tric substrate in a direction such that thermal expansion 
coefficients of the piezoelectric substrate 11 are closer 
to that of semiconductor substrate 12. 

Also by bonding the piezoelectric substrate 11 at 
35 both ends, the strength against shock can be enhanced. 



Embodimfirn IP 



Embodimpnt 1 1 

An eleventh embodiment of a piezoelectric oscilla- 
tor in accordance with the present invention is illustrated 
next w.th reference again to Figs. 5 and 6. Substrate 1 1 
in this embodiment is X cut lithium tantalate instead of 
AT cut quartz and is 4 x 8 mm in size and 50 urn thick 



A twelfth embodiment of a piezoelectric oscillator in 
<° accordance with the present invention is illustrated next 
again with reference to Figs. 5 and 6. In this embodi- 
ment substrate 1 1 is an X cut lithium tantalate instead of 
AT cut quartz, and substrate 12 is glass instead of sili- 
con as in the embodiment 9. X cut lithium tantalate sub- 
's strate 11 is 4 x 8 mm in size and 50 M m thick, for 
example, and the glass substrate 12 is 8 x 12 mm in 
size, and 400 urn thick. The glass thermal expansion 
coefficient is 10 x 10" 6 /°C. The shorter side of the rec- 
tangle of the bonding area 13 is aligned in the x axis 
so direction of the substrate 11 and the longer side is 
aligned with the z axis direction of the substrate 1 1 

The difference between the present embodiment 
and embodiment 1 1 is that glass is used instead of sili- 
con for the substrate 12. The thermal expansion coeffi- 
55 cient of glass can be altered such that its thermal 
expansion coefficient is close to that of a piezoelectric 
material to which it is bonded. Also, glass is inexpen- 
sive, thereby reducing manufacturing costs. 
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In the structure described above, the lithium tanta- 
late substrate 1 1 is minimally affected by thermal stress 
caused by the difference in thermal expansion coeffi- 
cients between itself and glass substrate 12. Thus, pie- 
zoelectric oscillations are not hampered by thermal 
stress. Also, since phase transition dose not occur 
beyond the bonding area 13 in the piezoelectric oscilla- 
tor, the same resonant frequency-to-temperature stabil- 
ity of the lithium tantalate can be obtained. Moreover 
since the substrates 11, 12 are securely bonded by 
wafer bonding, the substrates 1 1 , 12 are not damaged if 
subjected to heat shock from solder refiowing, for exam- 
ple. 

The same effect as described above can be 
obtained by making the rectangle corners curved. Even 
with other configurations of the bonding area 13, the 
same effect can be expected by orienting the piezoelec- 
tric substrate in a direction such that the thermal expan- 
sion coefficients of piezoelectric substrate are closer to 
that of semiconductor substrate 12. 

Also, by bonding the piezoelectric substrate 11 at 
both ends, the strength against shock can be enhanced. 

Claims 
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A method of manufacturing a composite substrate, 
comprising the steps of: 

mirror finishing at least one principal surface of 
a first substrate; 

mirror finishing at least one principal surface of 
a second substrate having a thermal expansion 
coefficient different from that of the first sub- 
strate; 

abutting the mirror finished principal surface of 35 
the first substrate against the mirror finished 
principal surface of the second substrate; 
applying a first heat treatment to the abutted 
substrates at a temperature lower than a tem- 
perature at which bonding of the first substrate 40 
and the second substrate would occur; 
cutting the substrates into at least two pieces, 
after said first heat treatment, while maintaining 
the first substrate abutted to the second sub- 
strate; and 

applying a second heat treatment to the at least 
two pieces at a temperature at which bonding 
occurs between the first substrate and the sec- 
ond substrate. 



7. 



The method of claim 1 , wherein the first substrate is 
a quartz substrate and the temperature of said sec- 
ond heat treatment is lower than the a to p phase 
transition temperature of the quartz substrate. 

. A method of manufacturing a composite substrate, 
comprising the steps of: 

mirror finishing at least one principal surface of 
a first substrate; 

mirror finishing at least one principal surface of 
a second substrate having a thermal expansion 
coefficient different from that of the first sub- 
strate; 

abutting the mirror finished principal surface of 
the first substrate against the mirror finished 
principal surface of the second substrate; 
applying a first heat treatment to the abutted 
substrates at a temperature lower than a tem- 
perature at which bonding of the first substrate 
and the second substrate would occur; 
removing a part of the second substrate to a 
depth sufficient to expose the first substrate 
after said first heat treatment; and 
applying a second heat treatment at tempera- 
ture at which bonding occurs between the first 
substrate and the second substrate. 

The method of claim 6, wherein the first substrate is 
a piezoelectric material. 

The method of claim 6, wherein the second sub- 
strate is one of a semiconductor material and glass 
material. 



45 
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The method of claim 1 , wherein the first substrate is 
a piezoelectric material. 

The method of claim 2, wherein the second sub- 
strate is one of a semiconductor material and glass 55 
material. 

The method of claim 2, wherein the second sub- 
strate is a piezoelectric material. 



9. The method of claim 7, wherein the second sub- 
strate is a piezoelectric material. 

1 0. The method of claim 6, wherein the first substrate is 
a phase transformable substrate and the tempera- 
ture of said second heat treatment is lower than the 
phase transition temperature of the first substrate, 
such that only a bonding area between the first sub- 
strate and the second substrate undergoes phase 
transition. 

1 1 . The method of claim 1 0, wherein the first substrate 
is quartz. 

12. The method of claim 6, wherein the second sub- 
strate is a silicon substrate including an integrated 
circuit. 

13. The method of claim 7, wherein a bonding area 
between the first substrate and the second sub- 
strate is of a substantial rectangular shape; 

a thermal expansion coefficient of the first 
substrate in the direction of the longer side of the 
rectangle is different from a thermal expansion 
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coefficient in the direction of the shorter side of the 
rectangle; and 

the difference between the thermal expan- 
sion coefficient of the first substrate in the direction 
of the longer side and a thermal expansion coeffi- 
cient of the second substrate is less than the differ- 
ence between the thermal expansion coefficient of 
the first substrate in the direction of the shorter side 
and the thermal expansion coefficient of the second 
substrate. 

14. A piezoelectric device comprising: 

a piezoelectric substrate composed of piezoe- 
lectric material and including excitation elec- 
trodes on a portion thereof; and 
a supporting substrate bonded by one of cova- 
ient bonding and ionic bonding to a bonding 
portion provided on a part of said piezoelectric 
substrate, 

wherein the crystal structure of the pie- 
zoelectric substrate at the portion having the 
excitation electrodes is different from the crys- 
tal structure of the piezoelectric substrate at the 
bonding portion. 

15. The piezoelectric device of claim 14, wherein said 
piezoelectric substrate is a quartz substrate. 

16. The piezoelectric device of claim 14, wherein the 
bonding portion has a substantially rectangular 
shape having a length and a width and wherein the 
width is aligned with a longer axis of said piezoelec- 
tric substrate, the length is aligned with a shorter 
axis of said piezoelectric substrate and the width is 
shorter than the length. 

17. The piezoelectric device of claim 14, wherein said 
supporting substrate is a silicon substrate including 
an integrated circuit. 

18. The piezoelectric device of claim 14, wherein said 
supporting substrate comprises one of semicon- 
ductor material and glass material. 

19. A piezoelectric device comprising: 

a piezoelectric substrate composed of piezoe- 
lectric material and including electrodes on a 
portion thereof; and 

a supporting substrate bonded by one of cova- 
lent bonding and ionic bonding to a bonding 
portion provided on a part of said piezoelectric 
substrate, 

wherein the bonding portion is of a sub- 
stantial rectangular shape; 

a thermal expansion coefficient of said 
piezoelectric suostrate in the direction of a 
longer side of the rectangular shape is different 



from a thermal expansion coefficient of said 
piezoelectric substrate in the direction of a 
shorter side of the rectangular shape; and 

the difference between the thermal 
5 expansion coefficient of said piezoelectric sub- 

strate in the longer side direction of the rectan- 
gular shape and the thermal expansion 
coefficient of said supporting substrate is less 
than the difference between the thermal expan- 
w sion coefficient of said piezoelectric substrate 

in the shorter side direction of the rectangular 
shape and the thermal expansion coefficient of 
said supporting substrate. 

is 20. The piezoelectric device of claim 19, wherein said 
piezoelectric substrate is a quartz substrate. 

21. The piezoelectric device of claim 19, wherein the 
bonding portion has substantially rectangular 

so shape having a length and a width and wherein the 
width is aligned with a longer axis of said piezoelec- 
tric substrate, the length is aligned with a shorter 
axis of said piezoelectric substrate and the width is 
shorter than the length. 

25 

22. The piezoelectric device of claim 19, wherein said 
supporting substrate is a silicon substrate including 
an integrated circuit. 

30 23. The piezoelectric device of claim 19, wherein said 
supporting substrate comprises one of semicon- 
ductor material and glass material. 

24. The method of claim 1 , wherein the first substrate is 
35 lithium tantalate. 

\ 

25. The method of claim 1 , wherein the first substrate is 
lithium niobate. 

40 26. TTie method of claim 6, wherein the first substrate is 
lithium tantalate. 

27. The method of claim 6, wherein the first substrate is 
lithium niobate. 

45 

28. The piezoelectric device of claim 14, wherein said 
piezoelectric substrate is a lithium tantalate sub- 
strate. 

so 29. The piezoelectric device of claim 14, wherein said 
piezoelectric substrate is a lithium niobate sub- 
strate. 

30. The piezoelectric device of claim 19, wherein said 
ss piezoelectric substrate is a lithium tantalate sub- 
strate. 
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31. The piezoelectric device of claim 19, wherein said 
piezoelectric substrate is a lithium niobate sub- 
strate. 
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